The metabolism of labeled indole-3-acetic acid (IAA-2-.4C) was investigated in Parthenocissus tricuspidata crown gail caflus tissue. After 48 hours incubation, 85 to 90% of the supplied IAA was taken up by the tissue, and of that taken up, about 45% was conjugated with five amino acids. The conjugates found were aspartic and glutamic acid (minor ones) as weDl as glycine, alanine, and valine (major ones). The last four are being reported for the first time as metabolites of IAA. These conjugates were identified through their chromatographic properties, hydrolysis products, and their mass spectra. The possible significance of these amino acid conjugates is discussed.
The morphological and physiological effects of externally applied IAA to plants have been extensively studied. The major pathways of metabolism of IAA after it has entered plant tissues are still incompletely understood. Andreae and Good first reported that exogenous IAA was converted in pea seedlings into an ether-insoluble indole-3-acetylaspartic acid (IAA-Asp) (1) which they subsequently characterized (9, 10) . Also, IAA-Asp has now been isolated as a naturally occurring constituent from Phaseolus vulgaris seedlings (22) and tomato seedlings (20) . IAA-Asp has been identified from many plants externally treated with IAA through its chromatographic properties, color tests, and in a few instances, biological activity (1-5, 8-12, 15, 17-19, 21, 24, 26-29) . Some useful characteristic properties of IAA-Asp (UV, IR, NMR, and mass spectra) have been published by Mollan (16) . The conjugation of IAA with aspartic acid has been demonstrated to be a general reaction for many plant tissues. This reaction appears to be under strict control (inducible), yet the mechanism of the formation of amino acid conjugates and their biological significance are not fully understood. Hutzinger and Kosuge (13) also isolated the E-L-lysine conjugate of IAA from the plant pathogen Pseudomonas savastanoi. In addition to these reports of amino acid conjugates, there are a number of reports of glucose ester conjugates, especially in monocots (14, 28) . In previous work, we found seven amino acid conjugates of 2,4-D .in soybean callus tissue (6) , while in Parthenocissus tricuspidata, we found extensive decarboxylation of IAA and some evidence for oxindole metabolites in vitro and in vivo (12) .
This manuscript reports the identification of several amino acid conjugates of IAA from P. tricuspidata crown gall callus tissue.
MATERIALS AND METHODS P. tricuspidata tumor tissue (crown gall) cultures (12) were used in these studies. Stock cultures have been maintained on a modified nutrient agar medium of White (25) . Approximately 10 g of 6-week-old tumor tissue was transferred directly into 125-ml flasks containing 25 ml of an autoclaved liquid nutrient medium (same as above without auxin) and 2 ,LCi of IAA-2-'4C (14.4 uCi/)zmol, 5.6 x 10-6 M). This suspension was incubated in the dark at room temperature with gentle shaking for 48 hr. Following incubation, the tissues were collected on a 20-,m mesh nylon cloth in a Buchner funnel with suction and the surface of the tissue was rinsed with cold distilled H20. The rinses plus medium were saved and analyzed. The surface-rinsed tissues were weighed and stored at -20 C prior to extraction.
The frozen tissues were boiled for 3 min to destroy enzyme activity with 95 % ethanol (5 ml/g) and then thoroughly homogenized in a Waring Blendor. The homogenate was filtered with suction, and the residue was rinsed several times with 80% ethanol. The ethanol fraction was concentrated and the remaining aqueous concentrate (pH 3 with 3 N H3PO4) was extracted three times with equal volumes of diethyl ether. The aqueous fraction was then extracted three times with equal volumes of 1-butanol. The ether and 1-butanol fractions were evaporated to dryness, the residues were resuspended in 95% ethanol, and these solutions were saved for TLC.
The conditions for TLC and the RF values are as previously reported (7) . Four solvents were employed for separation and purification of the IAA metabolites: I, isopropyl alcohol-concentrated ammonium hydroxide-water ( The water-(1-butanol-soluble) and ether-soluble extracts were individually streaked along with the synthetic standards on thin layer plates and developed in solvent system I. The labeled IAA metabolites were located by radioautography, and the synthetic standards were located by UV light. The eluted metabolites were separately purified by TLC in solvent systems II, III, and IV. The purified metabolites were further characterized by their chromatographic properties (7), basic hydrolysis (2 N NaOH at 110 C for 24 hr), acid hydrolysis (6 N HCI at 80 C for 24 hr), and analysis by mass spectrometry (Nuclide model 1290 G mass spectrometer) using a direct inlet probe.
RESULTS AND DISCUSSION
Crown gall tissue in several experiments took up 85 to 90% of the applied IAA-2-"4C after 48 hr incubation. The relative per-centage distribution of the radioactive metabolites were as follows: medium (10-15%), residue (4-6%), water-soluble extract (45-55%), and ethyf ether-soluble extract (15-20%) .
The water-and ether-soluble metabolites were separated on TLC using solvent system I and the relative percentage of these metabolites from one experiment is presented in Table I . The water-soluble metabolites separated into. six regions designated Bo to B5. Zone B5 was wide and obviously consisted of several compounds but could not be separated in solvent system I. Zones B2, B3, and B5 were eluted from the absorbent and were individually analyzed by TLC in solvent system III. The metabolites represented by B2 separated into four bands, B3 into four bands, and B5 into five bands. Their relative percentages are approximated in Table IH. Metabolites B2b, B3b, B5b, B5c, and B5d were chromatographically characterized by two'.dimensional TLC employing solvent system II or III in the first direction and by solvent systemi in. the second direction. The chromatographic properties of 9-2b-, B3b, B5b, B5c, and B5d matched those of IAA-Asp, IAA-Glu, IAA-Gly, IAA-Ala, and IAA-Val, respectively (7) and cochromatographed with these standards. In addition, B2b, B3b, B5b, B5c, and B5d hydrolyzed in both 2 N NaOH (24 hr, 110 C) and in 6 N HCI (24 hr, 80 C) to produce free IAA (with base only) and aspartic acid, glutamic acid, glycine, alanine, and valine, respectively. A number of metabolites have not been identified, including some fairly major ones (B2a, B3a, B5a, B1, and B4), representing about half of the label in the butanol fraction.
The mass spectra of B2b, B5b, B5c, and B5d were obtained. Although the methyleneindole ion (m/e 130) was prominent, the spectra were not identical with mass spectra of the standard amino acid conjugates of IAA (7). Subsequently, we have noted that the relative percentage of molecular ion and the base methyleneindole ion (m/e 130) in the spectra of the amino acid conjugates of IAA is greatly dependent upon pH. Also, the isolated metabolites usually contained significant amounts of methyl and ethyl esters which were artifacts of their isolation with TLC. To alleviate this problem, the metabolites were converted to mixtures of their methyl, ethyl, and butyl esters. These mixtures gave intense molecular ions at 70 ev at about 200 to FEUNG, HAMILTON, AND MUMMA 400 C corresponding to the methyl, ethyl, and butyl esters and the other prominent fragmentation ions. Thus, mass spectrometry confirmed that B5b was IAA-Gly ( Fig. 1) , that B2b contained IAA-Asp, and the B5c primarily consisted of IAA-Ala with a trace of IAA-Val. Unfortunately, there was insufficient sample for mass spectral analysis of the other metabolites. The ether-soluble metabolites, which were a minor fraction of the total, were separated by TLC in solvent system I into eight zones and the relative percentage of each zone is presented (Table I) . Zones E5 and E7 consisted of > 80% of the ether-soluble metabolites in the 48-hr incubation. E5 was separated into five bands in TLC solvent system III (Table II) Figure 2 . It is presumed from the previous studies (12) on the products of the peroxidase-IAA oxidase reaction that 3-hydroxymethyloxindole and 3-methyleneoxindole are intermediates in the pathway leading to the unknown metabolites in the tissue indicated as (X). conjugate. We also previously found primarily the glutamic and aspartic conjugates of 2,4-D in soybean cotyledon callus (6) .
Whether the metabolism of externally applied IAA is identical to that of endogeneous IAA is not known but probably it is very similar. In support of this would be the isolation of naturally occurring IAA-Asp from bean and tomato seedlings (20, 22) . Several investigators (1, 14, 23, 29) have suggested that amino acid conjugation of IAA is a process of detoxification. However, most of these amino acid conjugates of IAA have been shown to be biologically active in at least two bioassays (8) . The amino acid conjugation of IAA may represent a process of storing excess IAA in a form from which it can be released later when free IAA is below physiological levels. The possibility also exists that the amino acid conjugates of IAA are actually the biologically and physiologically active form of IAA.
